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PERSISENT INDIVIDUAL DIFFERENCES IN THE BACTERIAL FLORA 
OF THE SKIN OF THE FOREHEAD: NUMBERS OF PROPIONIBACTERIA 
CHARLES A. EVANS, M.D., PH.D. 
Department of Microbiology, University of Washington, Seattle, Washington 
The bacterial flora of the central area of the forehead of 48 adults was examined by a 
standardized swabbing procedure to determine the extent of individual variation. Pro-
pionibacteria were the most abundant organisms on most subjects. Their numbers per em' of 
skin ranged from fewer than 6 to 1,100,000. Seventeen subjects had more than 100,000, and 16 
subjects yielded fewer than 10,000. Six had fewer than 1,000. Differences with respect to sex 
and age were not statistically significant. Coagulase-negative cocci numbered from 25 to 
75,000 per em'. There was no statistically significant correlation between numbers of 
propionibacteria and numbers of cocci. 
In order to distinguish trivial or transient individual differences from those of a more 
fundamental nature, 16 subjects were examined four times at intervals of several months 
with a total elapsed time of from 329 days to 523 days and a median of 385 days. Eight 
subjects were representative of the upper third and 8 the lower third of the population with 
respect to numbers of propionibacteria in the initial survey. Geometric mean values for 
propionibacteria per em' of skin in the measurements of subjects with a rich population 
ranged from 152,686 to 280,867. Corresponding figures for the subjects with a sparse 
population were 1,215 to 3,639. Comparing geometric means by the t-test yielded p values of 
< .001 in the second and fourth measurements and < .01 in the third. 
It is concluded that a rich or a sparse population of propionibacteria is a stable individual 
characteristic of the skin of the forehead. 
Quantitative characterization of the microbial 
populations of the skin is notoriously difficult. 
Substantial progress in the study of skin flora in 
recent years has left largely unresolved the ques-
tion of which individual differences are due to 
trivial causes or transient physiologic or environ-
mental conditions and which represent more fun-
damental attributes of the skin. 
I have been interested in defining individual 
differences in cutaneous flora that represent a 
fundamental characteristic of the skin. The fore-
head was chosen for these studies for several 
reasons. It is richly supplied with se baceous secre-
tions, it is free of the highly variable moisture 
characteristic of such areas as the axilla, there are 
enormous individual differences in numbers of 
indigenous organisms, it maintains a characteristic 
flora despite constant exposure to contamination, 
and it is a common site of acne which may be 
influenced by the cutaneous flora. 
In this paper the populations of propionibac-
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teria' on the foreheads of 48 normal subjects are 
described. In order to determine whether the 
relative abundance of these organisms was tran-
sient or was an enduring individual characteristic, 
repeated tests were carried out over periods of 11 to 
17 months on 16 individuals, 8 with an initially 
rich flora population and 8 with a comparatively 
sparse flora population. The results demonstrate a 
substantial degree of stability in numbers of pro-
pionibacteria, the dominant organism on most 
persons. 
MATERIALS AND METHODS 
Subjects: 
Forty-eight subjects were included in an initial survey 
(Fig.). They were chiefly graduate students, faculty, and 
other employees associated with the University of Wash· 
ington. Fifteen were females and 33 were males. Forty-
two subjects were Caucasian, 2 Afro-American, 3 of 
Oriental ancestry, and 1 Chicano (Mexican-American). 
Their ages ranged from 22 to 85 with a median of 34 years. 
All were in apparent good health except one subject 85 
years old who suffered from chronic disabilities related to 
'The evidence from lipid assays [I], DNA studies, and 
cell-wall analyses [2] supports the previous metabolic 
evidence [3] for classifying the acne bacillus within the 
genus Propionibacterium [I]. Acceptance of this concept 
may help to dispel the confusion between the mem bers of 
this genus that are indigenous to human skin and the 
predominately aerobic coryneform bacteria such as are 
found abundantly in the axillae and on the feet of most 
adults. 
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her age. The subjects followed their usual practice with 
respect to use of soaps, shampoos, cosmetics, etc. Sixteen 
male subjects from the initial group were subjected to 
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FIGURE. Numbers of propionibacteria recovered from 
an area 16 em' in the center of the foreheads of 48 adult 
subjects, 33 male and 15 female. (*): No propionibacteria 
were recovered on these 4 subjects. Rather than record 
them as having none, we reasoned that the growth of 
staphylococci might have obscured the presence of 
smaller numbers of propionibacteria. Therefore we esti-
mated the actual number present as not greater than 5% 
of the number of staphylococci found on the anaerobic 
cultures; that number is represented in the Figure. 
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repeated cultures (Tab.). Eight were chosen as having a 
rich population of propionibacteria, the other 8 had a 
comparatively sparse population of these organisms in 
the initial survey. The 16 subjects used only Ivory bar 
soap and no shampoo or a specified shampoo (Johnson's 
Baby Shampoo) for at least 2 weeks before the second 
culture and for 8 or more days before the third and fourth 
cultures. 
One subject underwent a 2·week course of treatment of 
his forehead with 5-fluorouracil. This treatment ended 41 
days before this third culture (subject 3, Tab.). 
Bacteriologic Methods 
The standard solid medium was 2'''' agar, 3% trypticase 
soy (BBL), 1% yeast extract, and 0.5% Tween 80 <poly-
sorbate 80, Atlas Chemical, Wilmington. DeL). Both 
aerobic and anaerobic cultures from skin were incubated 
for 4 to 7 days at 35-37°C. Aerobic cultures were held in 
sealed jars to avoid evaporation and to duplicate condi-
tions of anaerobic cultures. The gaspak system (BBL) 
was used for anaerobic cultures. 
Material harvested from skin was dispersed in full-
strength diluent, 0.075 M phospbate buffer. pH 7.9, with 
0.1% Triton X-lOO (Rohm and Haasl [4]. Further dilu· 
tions were made in half-strength diluent. 
Criteria for Identification 
In the present study gram-positive, catalase· positive, 
nonsporing rods were identified as Propionibacterium 
species if they were anaerobic or microaerophilic. Thirty 
representative strains identified as Propionibacterium by 
TABLE. Propionibacteria on forehead on repeated tests over I I to 17 months' 
Subject Age Test 1 Test 2 Test 3 Test 4 
Group I-Rich Population 
1 35 1,100,000 195,000 550.000 422,500 
2 27 405,000 240,000 370.000 395,000 
3 61 340,000 220.000 85,000 202,500 
4 31 260,000 67.500 127,500 54.750 
5 37 212,500 47,500 60.000 550,000 
6 31 195.000 122,500 575.000 550,000 
7 31 182,500 400,000 750,000 130,000 
8 52 130,000 182,500 332.500 355,000 
GM 280,867 152.686 256.921 266.993 
Group II-Sparse Population 
9 37 12,250 14,250 40,000 34,750 
10 29 9,000 1,125 1,850 15,500 
11 63 8,000 1,550 2.175 16,250 
12 29 2.300 4,500 53,250 2,750 
13 22 425 <70 <425 <562 
14 30 <3,750 <2,375 <2,575 10,000 
15 25 <6 222 15 650 
16 31 <365 <1,150 <300 <350 
GM 1,277 1,215 1,597 3,639 
Comparison ofGM 
t value 7.6 5.1 6.2 
p <.001 <.0.1 <.001 
• All subjects were male. Median intervals between successive tests were 92,121, and 172 days. Time from first to 
fourth tests ranged from 329 to 523 days with a median of 385 days. Figures represent propionibacteria per cm' of skin. 
If no propionibacteria were found, their numbers were estimated to be fewer than 5% of the bacteria (almost entirely 
staphylococci) recovered on anaerobic culture of that specimen. 
GM ~ Geometric mean. 
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the above criteria, isolated from 15 of the subjects 
represented in the Table, were tested by gas chromato-
graphic analysis_ All showed the characteristic peaks for 
acetic and propionic acid produced from glucose_ Sixteen 
strains representing the predominant Propionibacterium 
from 13 subjects in the Table were tested on indol and 
gelatin_ All gave positive reactions on both media, results 
indicative of Propionibacterium aenes_ 
Gram-positive, nonsporing, catalase-positive rods that 
grew better aerobically than anaerobically on subculture 
were defined as aerobic diphtheroids_ 
Gram-positive, catalase-positive cocci were identified 
on the basis of anaerobic acid production from glucose 
and mannitol, and the coagulase test [51_ We rarely 
encountered a coagulase-positive organism_ No catalase-
negative cocci were found_ 
Collecting and Processing Specimens 
The 16 subjects chosen for special study were cultured 
usually in groups of 3 to 6_ The median numbers of days 
from the first culture to the second, third, and fourth 
cultures represented in the Table were 92, 213, and 385, 
respectively _ The total elapsed time from first to last 
cultures of different individuals ranged from 329 to 523 
days_ 
Sterile aluminum foil with a central hole 4_5 em in 
diameter was placed in the center of the forehead just 
above the eyebrows_ A commercial cotton applicator 
("Swubes," Falcon Plastics) was immersed in 2 ml of 
full-strength diluent; the excess fluid was squeezed out 
and the exposed skin was lightly stroked in a standard 
pattern, The applicator was then vigorously agitated for 
60 sec in the original tube to dislodge bacteria and debris 
from the skin into the diluent. 
Serial 10-fold dilutions in half-strength diluent were 
prepared and 0.05 ml was inoculated onto the agar 
surface in sectors of "triplates" (plastic Petri plates 
partitioned into 3 sections), With a sterile daly rod the 
inoculum was spread over the agar surface, 
Propionibacteria as well as cocci proved to be stable in 
the presence of air when held in suspensions. There was 
no reduction in numbers of propionibacteria when tubes 
from the skin harvest were held as long as 4 hr, the 
longest time tested. 
Examination of Cultures 
Numbers of bacteria were calculated from duplicate 
cultures of dilutions giving 20 to 200 colonies per sector. 
The various colony types representing 10% or more of 
the organisms on the aerobic and the anaerobic cultures 
were identifled and counted. The identity of the orga-
nisms in each colony type were determined by subcul-
ture, Gram's stain, and appropriate additional tests of at 
least 2 colonies of each colony type. In the third and 
fourth tests (Tab.) this was increased to include identifi-
cation of colony types representing at least 95'1(' of total 
colonies and, if no propionibacteria were included, a 
special search was made for them in any num bers 
detectable. 
RESULTS 
Propionibacteria outnumbered all other bacteria 
on the skin of the forehead of 38 of the 48 subjects 
included in our initial survey_ The numbers of 
propionibacteria showed a wide range, from fewer 
than 6 to more than 1,000,000 per cm of skin (Fig.). 
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Seventeen of the 48 or just over one-third of the 
subjects yielded more than 10' propionibacteria 
per cm 2 • Sixteen of the subjects yielded fewer than 
10,000 propionibacteria per cm 2; on 6 subjects 
there were 1,000 or fewer. 
Among these 48 subjects, the geometric mean 
number of propionibacteria was higher on males 
than females and higher on subjects under age 60 
than on those above 60 years of age. However, 
comparison of geometric means by the t-test 
showed that these differences were not statistically 
significant. 
The numbers of cocci showed no statistically 
significant correlation with numbers of pro-
pionibacteria. They numbered from 25 to 75,000 
per em' in our initial survey_ 
Among the cultures from the 48 subjects repre-
sented in the Figure, aerobic diphtheroids were 
recovered as an appreciable proportion of the flora 
from only 3 persons. Our methods undoubtedly 
failed to recover some aerobic diphtheroids, We did 
not identify colony types representing less than 
10% of the total population on the initial tests. 
Also, Tween 80 was reported by Somerville [6] to 
suppress growth of 200/" of the strains of diph-
theroids she studied from skin and nasal passages. 
Whether the inhibited strains were from skin or 
from the nose was not clear. 
Gram-positive, spore-forming aerobes (Bacillus 
sp.) numbered 275 per em' on 1 subject. They were 
not encountered on any other subject. Gram-nega-
tive rods were rarely encountered and in no case 
did they represent an appreciable proportion of the 
population. 
In the Table are presented the numbers of 
propionibacteria found in four successive tests of 
the same site on the forehead of 16 males over 
periods of many months. The 8 subjects with 
initial populations of from 130,000 to 1,100,000 
propionibacteria per em' continued to yield large 
numbers of propionibacteria; the numbers ranged 
from 47,500 to 750,000, 
The 8 subjects with an initially sparse popula-
tion of propionibacteria all retained low levels of 
these organisms in the second culture. On 2 sub-
jects in the third culture and 1 subject in the fourth 
test the populations of propionibacteria moved up 
into the intermediate levels, with values of 34,750, 
40,000, and 53,250 per em', 
As shown in the Table, the geometric means in 
the sparse group ranged from 1.2 x 10' to 3,6 x 10' 
while in the other group the corresponding figures 
were 1.5 x 105 to 2,8 X 10'. Comparison of 
geometric means of the two groups in tests 2, 3, and 
4 by the t-test yielded p values of < .001, < .01, and 
< .001, respectively. 
There was no detectable seasonal change. The 
first and second tests were performed chiefly in 
winter and spring, respectively, the third test was 
in July (except on subject 13), and the fourth was 
in the autumn, 
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DISCUSSION 
Techniques of Harvesting Bacteria 
from Skin 
The significance of a microbiologic study of skin 
is influenced greatly by the method used for 
collecting the sample. Where sebaceous glands are 
numerous, as on the forehead, most of the bacteria 
grow in microcolonies in pilosebaceous units and 
move out over the surface with the sebum. Various 
methods of collecting specimens differ with respect 
to the extent to which bacteria are removed from 
the surface and from the subsurface portion of 
colonies. 
The techniques used in harvesting organisms for 
quantitative culture have included contact cul-
tures, flushing, stripping with various adhesive 
tapes or films, scraping with a scalpel, biopsy, and 
scrubbing with a stiff brush or a spatula in a 
chamber pressed against the skin in which a fluid 
diluent is contained. The studies of Williamson 
and Kligman (4) and of Shaw, Smith, McBride, 
and Duncan [7] established that the standardized 
scrubbing technique yields a maximum number of 
organisms, and the numbers are relatively repro-
ducible. Biopsy is not only too traumatic for most 
studies but also, in view of the numbers of bacteria 
that have been reported [8 j, may involve some 
technical obstacle to complete dispersal or com-
plete recovery of cutaneous organisms. Contact 
cultures and various stripping methods are useful 
for localizing organisms where they are relatively 
sparse, but these methods have little use in ana-
tomic sites such as the axilla and forehead where 
large populations are usually present. 
Swabbing skin avoids the minor trauma of 
scrubbing, an important consideration in some 
studies, and if adequately standardized, achieves a 
level of reproducibility that approaches the scrub-
bing technique \7]. Ulrich \9] has stressed the 
importance of standardization of all details of the 
procedure including the amount of fluid in the 
swab and the pressure applied. The current study 
was based on a highly standardized procedure 
designed to minimize variations in the collection of 
samples. Shaw et al \7] carried out a careful 
evaluation of swabbing with rayon and alginate 
swabs and scrubbing with a Teflon spatula. In 
their hands, rayon swabs appeared better than 
alginate. Cotton is known to harbor substances 
thought to be fatty acids (9) which may interfere 
with recovery of fastidious bacteria. Evidence for 
this effect is clear in studies of organisms such as 
Neisseria gonorrheae held for 3 hr or longer at room 
temperature under conditions simulating those in 
a hospital or clinic [10]. P. acnes normally grows in 
an environment rich in fatty acids. In our studies 
there was no delay between swabbing of the skin 
and dispersal of the specimen in diluent. In our 
experience the bacterial counts made with cotton 
swabs marketed by Falcon Plastics ("Swubes") 
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specifically for microbiologic use have shown no 
more variability than rayon swabs when adjoining 
areas on the forehead were sampled. 
Previous Reports on Individual Variations 
in Skin Flora 
Sommerville \11] has summarized available in-
formation about the effect of age on the bacterial 
flora of normal skin. Substantial changes in cu-
taneous flora occur with age and can be related in 
large part to alterations in cutaneous glandular 
secretion and other physiologic changes in skin. 
Our investigations were limited to adults largely 
within the age range that did not show appreciable 
age-related changes in prior studies. 
For many years investigators have noted striking 
individual differences in the populations of bacte-
ria of the skin of adult subjects. In 1950 {12 J we 
studied 5 individuals over periods of 3.5 to 6.5 
months and found propionibacteria ranged from 
fewer than 10 to more than 800,000 per cm' on the 
deltoid and scapula, with "clear-cut differences 
between individuals." Shehadeh and Kligman [13] 
in 1963 in a study of 25 subjects found the total 
aerobic flora of the axillae of 4 subjects was under 
1,000,000 per cm', another 4 subjects had more 
than 4.000,000, and 17 subjects were intermediate. 
Over a period of 8 weeks they found the bacterial 
flora was stable from week to week. Ulrich [14], 
from work based largely on contact cultures and 
tape gtripping, concluded that "each person ap-
pears to fall into a high, medium or low category." 
Marples and his associates [15] found that 9 
subjects could be separated into two groups on the 
basis of striking differences in numbers of pro-
pionibacteria (designated Corynebacterium aenes) 
on the scalp. In a study of the axilla, Marples and 
WilliamS<Jn (16] recognized two distinct types of 
microbial communities, one dominated by aerobic 
diphtheroids and the other by cocci. Other well-
documented studies showing striking quantitative 
individual differences in skin flora include those of 
Duncan. McBride, and Knox [17] on the palms, 
soles. groins and interscapular areas; those of 
Goltz and Kjartansson [18] on the foreheads of 
subjects with acne before, during, and after 
tetracycline therapy; and Sommerville and Murphy 
[19] who determined the quantitative distribution 
of C. acnes at 18 different sites on 22 young adults. 
There have been few studies extending over a 
sufficient time and involving an adequate number 
of subjects to show to what extent differences in 
microbial flora are persistent individual character-
istics or are highly variable and due to trivial 
causes or transient physiologic or environmental 
states. 
The Implications of Stable Microbial 
Communities 
The results shown in the Table establish that the 
differences in population of propionibacteria ob-
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served at the outset of the experiment were still 
present an average of 13 months later. Statistically 
there was less than one chance in 1,000 that these 
results could occur due to chance. 
We have no evidence to indicate what factors 
dictate the level of the propionibacterial popula-
tion_ It seems probable that the critical substances 
will be found in sebum. There may be simple 
quantitative differences or there may be qualita-
tive differences that operate by stimulation of 
growth if, for example, some specific growth factor 
is involved, or by inhibition of bacteria if a 
bacteriostatic substance is produced. The source of 
the controlling elements may be the skin per se or 
some other members of the cutaneous microbial 
communities_ It appears that substantially differ-
ent ecosystems exist on the skin of those with rich 
populations and those with sparse populations of 
propionibacteria_ It will be desirable to determine 
the characteristics of these ecosystems-to learn 
whether they are systemic and are correlated with 
differences in microbial flora elsewhere on the body 
and to investigate the possibility that they may 
have an influence on diseases of the skin that oc-
cur preferentially on areas of the skin with a rich 
supply of sebum. 
I am indebted to Dr. Polly Feigl for the statistical 
analyses in this study_The expert technical assistance of 
Sidney Hallam and the valuable consultative help of H. 
C. Douglas and J. T. Staley are gratefully acknowledged. 
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